Assessment of oocyte quality to avoid overproduction of embryos is now considered an important goal in ICSI cycles. Although in classic Intra Cytoplasmic Sperm Injection (ICSI) cycles selection is mainly done for embryos and not for follicles. Follicular fluid and its contents representing the oocyte environment are now gaining more attention because not only of its crucial influence on oocyte developments but also due to easy isolation of follicular fluid with every case of ICSI. By its aspiration during ovum pick up (OPU). substances isolated from follicular fluid to assess oocyte quality were in the form of: hormones like, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Anti-mullerian Hormon (AMH), Growth Hormone (GH) etc., growth factors like Insulin Like Growth Factor (ILGF), proteins and amino acids like Lactoferrin (LF) which is an iron-binding glycoprotein that was detected in follicular fluid and was thought to be related to good oocyte quality when present in high concentration. Objectives: The aim of this study was to detect the possible effect of follicular fluid lactoferrin on oocyte quality and hence pregnancy rate in ICSI cycles. Methods: Follicular fluid was obtained from 64 patients undergoing Intra-cytoplasmic sperm injection (ICSI) procedure in Ain Shams University Maternity Hospital. Follicular fluid (FF) was collected at the time of oocyte harvesting. The lactoferrin concentration in FF was assayed by ELISA. Results: The mean LF concentration in follicular fluid of the positive biochemical pregnancy group (0.63 ± 0.17 ng/mL) was not significantly higher than that in the negative biochemical pregnancy (0.61 ± 0.16 ng/mL). A positive correlation between a number of mature oocytes and lactoferrin concentration was not found (r.101). Conclusion: Lactoferrin level in follicular fluid does not correlate with oocytes quality or pregnancy rate.
Introduction
Oocyte quality estimation is a major goal in human in-vitro fertilization to limit embryos overproduction. The process of oocytes equality determination started from oocyte morphology and progressed towards genetic and biochemical factors detection [1] .
Follicular fluid (FF), which consists of products of components that crossed the blood follicular barrier as well as products of the secretory activity of granulosa and theca cells, represents the oocyte microenvironment so it plays a vital role in oocyte development and maturation. FF constituents are considered to determine oocyte quality and subsequently embryo quality [2] .
Lactoferrin LF which is an iron-binding glycoprotein isolated from milk [3] , [4] . Lactoferrin has a molecular weight of about 80 kDa, and has high affinity for iron. The molecular structure and amino acid sequence of human lactoferrin were first described in 1984. Lactoferrin was classified as a member of the transferrin family, due to its 60% sequence similarity with serum transferring [5] .
Lactoferrin has 3 different isoforms: Lactoferrin-α, lactoferrin-β and lactoferrin-γ [6] .
Follicular fluid Lactoferrin content comes through crossing the blood follicular barrier from the serum, and also produced by theca cells [7] .
According to a prior study, interleukin-8 (IL-8) was found to increase in follicular fluid, and interleukin-8 may have an influence on follicular maturation [8] [9] [10] . Neutrophil production of lactoferrin is well-known [11] , and the relation of lactoferrin production with IL-8 was reported [12] , which indicates that LF may play a major role in the reproductive procedure [13] .
Lactoferrin may influence granulosa cells to regulate the release of cytokines like IL-8 and TNF. It was newly reported that gamma-aminobutyric Acid-B2 receptor was down-regulated by lactoferrin, and LF may modify the level of intracellular cyclic adenosine 3=:5= monophosphate (cAMP) [14] . Oocyte maturation was noticed to be affected by the decrease of cAMP level in the oocyte after ovulation [15] . Lactoferrin may be included in that process by the control of the cAMP level. As good ovarian follicle is considered to produce good embryo, lactoferrin in the follicular fluid may be one of the biological makers to select the embryos at the time of embryo transplantation. [16] This study aimed to detect the possible effect of follicular fluid lactoferrin on oocyte quality and hence pregnancy rate in ICSI cycles.
Materials and Methods
This study is a cross sectional study that was conducted from May 2018 to De- • BMI range 20 -35 kg/m 2 .
• Infertility cause is either: tubal, male or unexplained.
Exclusion criteria:
• Patients age < 20 years or >40 years.
• BMI > 35 kg/m 2 .
• Women with Ovarian causes of infertility for e.g.; PCOS or decreased ovarian reserve.
After patients selection, full history, general, abdominal examination and hormonal profile were done. Controlled ovarian hyperstimulation using flexible antagonist technique was started at the second day of menstrual cycle with recombinant human rFSH. The daily individualized (rFSH) dose (Gonapure 150 IU) ranged between 150 and 450 IU, according to BMI, age of the women, and the expected ovarian response. The dose was adjusted according to patient's response which was assessed by transvaginal ultrasound folliculometry which was done on day 6. And after that it was done day after day till leading follicle size reaches 18 mm or more. GnRH antagonist (Cetrotide 0.25 mg) subcutaneous daily dose was started when the leading follicle size is > or equal to 14 mm seen in folliculometry. Intramuscular human chorionic gonadotrophin (hCG) (10,000 IU) single dose was administered when folliculometry revealed the average diameter of 3 preovulatory follicles had approached 18 -20 mm.
Oocyte retrieval was performed under general anesthesia (intravenous administration of Propofol) 36 hours following hCG administration using vaginal ultrasound guided single lumen needle. The collected oocytes were incubated with 5% CO 2 at 37˚C for 3 -4 hours, and then were used for ICSI. Follicular fluid of only mature follicles (>17 mm) aspirated from each patient was collected in a sterile tube, separated from the cumulus-oocyte complex and then centrifuged at 500 × g for 5 min and kept frozen at −70˚C until analysis, ICSI was performed and. Oocyte maturity at time of insemination was evaluated and graded according to Lin et al. [17] . Open Journal of Obstetrics and Gynecology A single motile sperm was injected into oocytes. After 24 hours, oocytes were separated from surrounding granulosa cells. Fertilization was based on the basis of two distinct pronuclei and two polar corpuscles. Embryos quality was evaluated into G1, G2, G3, G4 and G5 according to Gardner's et al. [18] .
A maximum of three embryos were transferred at 4 -8 cell stages under ultrasound guidance. Chemical pregnancy was evaluated by β-hCG test Continuous parametric data are presented as mean ± standard deviation (SD) and categorical variables as numbers and percentages. The Mann-Whitney test, Student T and Spearman correlations were used to compare lactoferrin levels according to quantitative variables, Chi-Square test and Fisher's exact test were used to examine the relationship between two qualitative variables when the expected count is less than 5 in more than 20% of cells.
The ability of follicular fluid lactoferrin level to predict the biochemical pregnancy outcome was determined by constructing the Receiving Operator Curve (ROC) curve and calculating the area under the curve (AUC) with 95% confidence intervals (CI). The sensitivity and specificity for the optimal cut-off were calculated. Statistical tests were performed using the R (version 2.15.2) software. Results were considered significant when p ≤ 0.05.
Results
Patients' characteristics are detailed in (Table 1) . age of the participants was 30.7 The ovarian stimulation length ranged between 8 to 12 days (9.7 ± 0.8 days),
Number of oocytes retrieved from each patient ranged from 0 to 30 oocyte with a mean of (12.1 ± 6.3 oocytes) while number of mature oocytes was 7 ± 4 oocytes ( Table 2 ).
There was a non-significant difference between both groups of positive biochemical pregnancy (44 cases 68.7%) and negative biochemical pregnancy (20 cases 31.3%) regarding; age, BMI, infertility duration, infertility cause, number of retrieved, mature, fertilized oocytes or number of transferred embryos ( Table 3) .
The results also show that there was no statistically significant difference between women with positive and negative biochemical pregnancy regarding mean concentration level of lactoferrin in follicular fluid (0.6 ± 0.1 ng/ml) versus (1.5 ± 6.0 ng/ml) respectively, p = 0.636 (Table 3) .
Using ROC curve, it was shown that Level of lactoferrin in follicular fluid could not be used to discriminate between females with negative and positive biochemical pregnancy cases (P = 0.64, sensitivity and specificity 45% and 65.12% respectively) ( Table 4 & Figure 1 ). Table 5 shows no significant correlations between number of retrieved, mature or fertilized oocytes with Level of lactoferrin in follicular fluid.
Discussion
Follicular fluid (FF) components were considered to play an important role in the determination of oocyte quality, fertilization and embryo quality being the oocyte microenvironment so, study of FF components was considered as noninvasive methods for prediction of oocyte quality and hence embryo quality which is a main factor for ICSI process success [19] . Lactoferrin (LF) is a transforming growth factor and its expression was first described in in the 2-4-cell fertilized mouse embryo and continued until the blastocyst stage of development; the expression nearly disappeared in the hatched blastocyst. These findings might indicate that lactoferrin has a unique paracrine role in the development of the trophectoderm lineage during preimplantation development. [20] . Neutrophil production of LF is also well-known [11] , and the correlation of LF production with IL-8 was recorded in previous researches [12] . The current study was a cross sectional study that included 64 FF samples collected from 64 patients undergoing ICSI due to tubal, male, or unexplained infertility. The protocol used was flexible antagonist protocol. The study aimed to assess the relation between follicular fluid LF concentration and oocyte maturity, embryo quality, fertilization rate, and biochemical pregnancy rates.
There was no statistically significant difference between the group of women who achieved and the group of women who did not achieve biochemical pregnancy regarding: age, BMI, infertility cause or infertility duration.
The study revealed that there was no statistically significant difference between oocyte maturity, fertilization rate, embryo quality, or biochemical pregnancy rates and lactoferrin level in FF, in contrast to a study by (Yanaihara et al.
(2007) [13] which was a retrospective study of 70 samples of FF at oocyte collection for 35 IVF patients for tubal factor infertility using modified natural cycle IVF protocol. The 70 samples were divided into fertilized group (n = 44) and unfertilized group (n = 26); the study reported that LF was present in detectable amounts in follicular fluid and the LF concentration was significantly higher in fertilized group compared to non-fertilized group; lactoferrin level in FF was also positively correlated with higher embryo quality. This study results might differ from our results due to measuring lactoferrin level from each follicle individually and not the mean lactoferrin level of FF of mature follicles collected from each patient which was done in the current study.
There was a limitation in the current study as the ICSI protocol depends on transfer of 2 to 3 embryos for each patient and not a single embryo transfer which could possibly give more precise results by accurately describing the relation between each follicular fluid lactoferrin level with its embryo quality and pregnancy rate. [21] which studied the effect of LF on sperm capacitation and the dose-dependent effect of lactoferrin on gamete interaction, the study concluded that the presence of LF enhanced sperm capacitation in vitro by inducing dose dependent increase in induced acrosomal reaction and tyrosine phosphorylation of sperm proteins. This difference might be explained by different study methodology as the previous studies investigated the effect of lactoferrin on human gametes interaction in vitro and not in vivo.
The present study showed no significant correlation between lactoferrin concentration with age or BMI. However, (Moreno-Navarrete et al., 2009 ) [22] reported that circulating lactoferrin concentration was inversely associated with BMI, the Waist: hip ratio and the fasting triacylglycerol and glucose concentration and positively correlated with insulin sensitivity. They suggested that the LF production leads to decreased free lipopolysaccharide concentration and maintenance of an appropriate lipid profile.
The present study concluded that lactoferrin level in follicular fluid doesn't affect oocyte quality, fertilization rate, embryo quality or chemical pregnancy rate in ICSI cycles.
